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An OFCDM System in Ship and Yard Area Network

Junyoung Jun and Seongjoo Lee

Abstract—Ship and yard area environments contain
materials mainly composed of metals, which also are applied to
the interior structures. Such environments embody air channels
characterized by several multipath propagation delays and long
maximum delay time. Channel models for ship and yard area
network are proposed, and existing communication systems
Zigbee, Wifi, and Wibro are evaluated in the channel models.
The existing systems such as orthogonal frequency division
multiplexing (OFDM) and code division multiple access
(CDMA) are combined to produce different variations of
orthogonal frequency and code division multiplexing (OFCDM)
for experimentation and application. The performance of
proposed OFCDM was experimented in ship and yard area
network environments.

Index Terms—OFCDM, ship and yard area network, SYAN,
OFDM, CDMA, channel model.

I. INTRODUCTION

Due to increasing international trade, there has been an
increasing amount of communications in environments such
as ships, yards and harbors, and domestic shipbuilders have
been putting tremendous amounts of efforts in developing
high-tech construction techniques. Wireless communication
and Ubiquitous Sensor Network (USN) are most actively
utilized in ship construction yards with main yard as a center
of communication. Ship and Yard Area Network (SYAN) is
the most actively researched subject among other IT
technology researches for shipyards [1]. Wired or cable
network may be utilized for such environments, but it is too
expensive and difficult to maintain, especially in cruise ships
or digital ships. However, the priority lies in establishing an
appropriate channel model in shipyard environments before
researching or selecting any wireless SYAN communication
method. Metallic nature of ships and their structures hinder
and reflecting Radio Frequency (RF), causing several
multipath propagation delays and severely weakened signals
that creates no-signal areas. The objective of this paper is to
apply channel environments modified for SYAN
communication and to evaluate the performances of the
existing methods Wi-Fi, Wibro, and Zigbee [2]-[4]. Another
purpose is to evaluate the performance of the proposed
OFCDM communication systems, the combinations of
OFDM and CDMA, in SYAN environments [5]-[8].

The remaining parts of this paper are composed as follows.
In Section I1, we explain the architecture of the ship and yard
environment and SYAN channel model is proposed. We
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propose OFCDM system which has three versions in Section
I11. The results of the proposed system in SYAN channel
model are shown in Section IV. In the last section,
conclusions are reached.

Il. SYAN COMMUNICATION CHANNEL MODEL

SYAN differs from regular channel environments in that
they are sealed and contain metallic structures needed for
operations, both of which factors are notorious for hindering
signals [1]. Metallic structures cut off and reflect RF and this
result in multipath propagation and long delay time due to the
reflected signals. A channel environment resembling that of
downtown city centers is substituted for the Wibro system in
order to satisfy the condition of long delay time. Downtown
city centers satisfy the condition of long delay time because
the signals must travel through large, high buildings in city
centers. It also possesses a certain amount of multipath
propagation due to densely locate buildings, but it is not as
significant as that in SYAN environments [9]. Thus, a
channel environment resembling those of interior factories
environment is applied to Wibro channel environment [10].
Factory environment is applied because of its desirable
characteristics similar to those of shipyards for containing
metallic structures that create multipath propagations [9],
[10].
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Fig. 1. The first proposed PDP of SYAN Channel Environment.
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Fig. 2. The second proposed PDP of SYAN Channel Environment.

To Fig. 1 indicates Power Delay Profile (PDP) of SYAN
communication channel which is proposed in this paper. Fig.
2 shows the second proposed channel, with longer maximum
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delay time and more multipath propagation compared to the
former channel.

I1l. PrRorPoseD OFCDM

Before OFCDM is a combination of OFDM and CDMA,
where CDMA is grafted on OFDM system [11], [12], Models
OFCDM 1 and OFCDM Il are proposed according to
CDMA'’s spreading and code matching techniques, and
models OFCDM I and OFCDM 1I are combined to produce
model OFCDM I11 [5]-[8].

A. OFCDM | Model

qﬂ Medulation

I:bl 2D Spreader |I:>| IFFT |E>| Insert Gl |
<

Channel
0
q I |<:| ¢{ ¢| Gl
Demodulation | Despreader | FF | | Remove Gl

Fig. 3. Model | OFCDM block diagram.
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As indicated in Fig. 3, model OFCDM I is a model where
Two-Dimensional (2D) spreader and 2D de-spreader blocks
of the CDMA functions are added on the existing OFDM
communication system. 2D spreaders expand the time and
frequency of data. A symbol of OFDM from transmitter
indicated in Fig. 4(a) is spread 4 times in terms of time using
time code and spread 2 times in terms of frequency using
frequency code as shown in Fig. 4(b). Consequently, Fig. 4(c)
shows the data is expanded 8 times in terms of time and
frequency. Finally, IFFT of OFDM is applied and sent.
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Fig. 5. 2D despreader of model | OFCDM.

In the receiver, 2D spreader combines the data using time
code, and executes final decision of the combined data using
the frequency code to print data as indicated in Fig. 5.

Performance is improved by increasing data’s SNR by
using the method above of expanding the data in terms of

time and frequency from in the transmitter, and combining
data in the receiver.

B. OFCDM Il Model
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Fig. 6. Model Il OFCDM block diagram.
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Fig. 7. Model I1 OFCDM (a) Code matching (b) Decode matching.

As indicated in Fig. 6, model OFCDM |1 is a model where
code matching and code correlation blocks are added on the
existing OFDM communication system. Fig. 7(a) shows the
process of incoming 3bit data being matched and expanded to
8bit code set. The code set refers to Walsh Code. After this is
sent, Fig. 7(b) indicates that the receiver correlates the
incoming data with the decode set and recovers the data to a
specific 3bit data.

C. OFCDM Il Model

The proposed models OFCDM | and Il may be combined
to produce model OFCDM Il indicated in Fig. 8. The
transmitter expands the data using the code matching and
expands them through 2D spreader in time and frequency
with modulation before finally sending. The receiver
combines data through 2D de-spreader, processes the
SNR-enhanced data through demodulation, and increases
performance by recovering data via code correlation.
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Fig. 8. Model 11l OFCDM block diagram.

IV. IMPLEMENTATION RESULTS

The proposed SYAN channel models presented above
used the existing communication systems Zigbee, Wi-Fi and
Wibro and was evaluated with BER measurement [2]-[4].

Fig. 9 is the BER performance results graph of the three
communication system from the first proposed SYAN
channel model. The analysis is that Wi-Fi and Wibro
communication BER only improve in environments with
30dB or above. On the other hand, Zigbee did not show
improvements in environments with SNR of 15dB or above.
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Fig. 10 is the BER performance results graph of the second
proposed SYAN channel model. This was done in the
channel environment with longer maximum delay time
compared to the first channel. Unlike the first result, this
second result showed unimproved performances of Wi-Fi, as
Zigbee did in the first channel. Additionally, Wibro system
showed properly improved results only after 5dB increase. It
is shown that each system’s BER curve falls downward only
when both channels embody good SNR. Thus, it can be
concluded that all three communication methods are
significantly influenced by SYAN environment’s multipath
propagation and delay time.
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Fig. 10. Performance graph of the existing communication systems of the
Second Channel Model.

The performance of the modulation systems of proposed
OFCDM communication systems is shown in Fig. 11, 12, 13
and 14. First SYAN Channel Model that was experimented
with the proposed OFCDM system show in Fig. 11 and 12.
Second SYAN Channel Model resulted in Fig. 13 and 14. In
the Figure legend, Ver. 1 and 5 are Model I. Ver. 2, 6,7 and 8
present Model I1. Ver. 3, 4, 9 and 10 show Model I11.

The proposed techniques show better performances with
larger spreading factors. For Model I, expansion in either
time or frequency does not make any difference, but the scale
of spreading factor matters. It can be seen that Model | has
better performance compared to Model IlI. However, even
better performance is shown when both models are combined
to form Model I11. Since a larger factor of Model Il improves
performances, it can be seen that correlation performances
are better with larger SNR. Proposed SYAN Channel models
are small difference in proposed OFCDM system
performance. In conclusion, the proposed OFCDM
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Fig. 13. OFCDM performance with spread factor 4 in SYAN channel model
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V. CONCLUSION

This paper presented channel environments and algorithm
for communication in SYAN areas usually comprised of
metallic materials and structures. SYAN presented
environments consisting metallic structures that resulted in
several multipath propagation delays and severely weakened



International Journal of Information and Electronics Engineering, Vol. 6, No. 1, January 2016

signals. SYAN channel environments were applied to
existing communication methods Zigbee, Wi-Fi, and Wibro,
and the results showed that communication was difficult with
these existing methods. Thus, OFDM and CDMA were
combined to form three different versions of OFCDM
communication methods to be proposed in SYAN channel
environments for performance results. The proposed
OFCDM showed improved BER compared to those of the
existing communication methods.
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